Abstract. Combination of lignocellulosic fiber with thermoplastic is leading to the new areas of research in plastic composite field. Due to the problem of petroleum shortages and encouragement for reducing the dependence on fossil fuel products, thus increased the people interest in maximizing the utilize of renewable materials like kenaf fiber. By adding optimum natural fiber to thermoplastics could provide some cost reduction to the world of plastic industry as well as to dominance the agro-based industry. With a view to identifying the effect of fiber content and effect of coupling agent in kenaf fiber reinforced unplasticized poly (vinyl chloride) (UPVC) composite on the mechanical properties, the fiber and matrix mixture were mixed with poly [methylene poly (phenyl isocyanate)] (PMPPIC) using thermal mixing process followed by compression molding technique for the composite preparation that required for tensile characteristic (ASTM D638). The fiber loading were 10%, 20%, 30%, and 40% in weight. Since the kenaf fiber and UPVC are chemically different, the compatibility and dispersability of kenaf fiber in UPVC can be improved by lowering the surface energy of the fiber to make it less polar, consequently more similar to the plastic matrix. Generally, PMPPIC act as a bonding agent that facilitates the optimum stress transfer at the interface between fiber and matrix which gives an optimal mechanical performance of kenaf fiber reinforced UPVC composites. Meanwhile, the addition of 30% fiber contents with PMPPIC was successful to enhance the tensile properties and the efficiency of PMPPIC was verified using Fourier Transform Infra-Red (FTIR) spectroscopy.
Introduction
In several decades ago, the use of fiber-reinforced polymeric materials is attracting interest for a wide range of industries furthermore have substituted the monolithic materials. These composite materials (notably aramid, carbon and glass fiber reinforced plastics) now dominate the construction, marine, automotive and aerospace industries.
However recently, natural fiber composites (biocomposite) have attracted the attention of scientists and engineers, especially when it demonstrates competitive performance to glass fibers in various composite applications. The rationale behind this interest is that the advantages of natural fibers (e.g. sisal, jute, hemp, and kenaf) over synthetic or man-made fibers which including lower cost, lower density, less abrasiveness to equipment, acceptable specific strength properties, ease of separation, renewable nature and biodegradability. An increased market demand for biocomposite ecoproduct is due to increasing environmental awareness, concern for environmental sustainability, and the continuously rising high crude oil prices. Due to initiation of the new environmental regulation and encouragement of independent to fossil fuel, green composites made entirely from renewable agricultural resources could offer a unique alternative for these matters.
The widely used acronym for unplasticized poly (vinyl) chloride is UPVC. It is one of the most worldwide used thermoplastics in terms of volume produce due to its blending versatility (ability to be modified through the introduction of various additives) and cost effective thermoplastic. It plays an important role in the plastic industry especially in all building supply and hardware stores for household plumbing. Cost reduction is achieved when fillers are incorporated into the UPVC matrix.
Based on previous finding, there is no study has been reported the use of Kenaf fiber in the UPVC matrix. There are some studies on Kenaf fibers with other polymer composites as well as UPVC with other natural fiber composite were carried out. The challenge in the materials development of engineering thermoplastics composite is to get an excellent combination of properties and manufacturing process at a moderate cost. Since mechanical properties are concerned, the main target is to focus on stiffness, strength and toughness.
Therefore, in this research where Kenaf is used as filler and PMPPIC as coupling agent ( Fig. 1 ) in this composite to get a good combination of mechanical properties and manufacturing process, several factors that influence and affect the properties of the composites need to be considered. Thus the optimum formulation of the composite will be investigated. By determining the properties of Kenaf filled UPVC composite, the applications of the composite can be firmed and engineers would be able to develop new product or improved it by replacing some of the conventional materials using this new materials. 
Experimental
Materials. The matrix used in this study was unplasticized poly (vinyl) chloride (UPVC) IR045A (Fig.  2 ) supplied by Polymer Resources Sdn. Bhd., Kelang, Selangor, Malaysia. This injection grade rigid PVC was designed for general articles and fitting applications. The kenaf fiber used in this study was Kenaf V36 bast fiber, which been planted in BRIS soil land type at Wakaf Gelam Farm. The kenaf fiber was pulverized followed by sieving to obtain 30 mesh size of fibers.
The poly [methylene poly (phenyl isocyanate)] (PMPPIC) (Fig. 3) were used as coupling agent in this study were supplied by Poly Science Inc., U.S.A.
Fig. 2: PVC
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Fig. 3: PMPPIC
Preparation of composites. Melt blending process was carried out using the Haake Polydrive R600 mixer at temperature of 170°C and rotor speed 50rpm as follows. When the desired temperature was reached, UPVC compounds was charged into the mixing chamber and mixed for 5 minutes, followed by feeding of the kenaf fiber and the mixing was continued for another 15 minutes. The kenaf fiber content were 10%, 20%, 30%, 40%, of the total weight of composite. The blending process for the incorporation of PMPPIC, the dosage used was 2% by weight of polymer were mixed with UPVC before kenaf fiber is charged. The blends from the Haake Polydrive R600 mixer were then compression molded into 150mmX150mmX 1mm sheet with the pressing temperature and time were set to 170°C, 5 minutes preheated press, 5 times venting cycle, and 5 minutes full press. Finally the sheet was immediately cooled under pressure of two plates of cold press at 25°C for 5minutes.
Tensile testing. The tensile characteristic was carried out on a tensile testing dumbbell-shaped sample according to ASTM D 638 with an Instron 3365 machine with crosshead-speed was set at 10 mm/min, and the test was carried out at room temperature (25 ± 2°C). The tensile strength and modulus were recorded and the averages of 5 specimens were reported.
Fourier Transform Infra-Red (FTIR).
The infrared spectra for this study were obtained using a Fig. 4 shows that 30% fiber content of kenaf/UPVC with PMPPIC coupling agent have the highest tensile strength which is 51.47MPa. In addition, tensile strength of kenaf/UPVC composites with PMPPIC coupling agent were higher compared to kenaf/UPVC composites without PMPPIC coupling agent at the same fiber content. The graph also shows the effect of fiber content on tensile strength of kenaf/UPVC composites. It shows the tensile strength clearly increased as the fiber content increased and the optimum fiber content of kenaf/UPVC composites to produce maximum tensile strength was achieved at fiber content of 30%.
Results and Discussion
The enhancement in tensile strength of 30% fiber content of kenaf filled UPVC composites with PMPPIC coupling agent indicates that the PMPPIC had reacted with the hydroxyl group of kenaf fiber effectively and result in improvement of the interfacial adhesion. [1] Besides, mechanical interlocking mechanism could be responsible for the adhesion thus made the kenaf fibre perform as an agent of reinforcement in UPVC matrix. [4, 5, 6] Fig. 5 , the tensile modulus of composites increased gradually with increasing kenaf fiber compared to unfilled UPVC. With similar trend shows on tensile strength, the highest tensile modulus which is 1770MPa was achieved at 30% fiber content of kenaf/UPVC composite with PMPPIC coupling agent. Thus, the improvement upon addition of kenaf fiber has verified that reinforcing natural fiber was able to enhance the stiffness of the composites. [4] 
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The spectrum of UPVC, kenaf fiber, and 30% fiber content of kenaf/UPVC composites with and without PMPPIC are illustrated in figure 6 . Band assignments for UPVC and kenaf fiber according to the literature are listed in Table 1 and Table 2 As seen in figure 6 , the FTIR spectra for 30% kenaf/UPVC composite shows lower intensity of O-H stretching frequencies at range 3400-3200 cm- 1 . Furthermore, the intensity of O-H stretching for composite with PMPPIC coupling agent was almost absent is due to reaction of OH groups in the kenaf fiber with the PMPPIC.
Summary
This study investigated the effect of kenaf fiber and PMPPIC coupling agent on the tensile characteristic of UPVC. Among all of the composites, incorporation of 30% kenaf fiber content and addition of PMPPIC coupling agent played an important role in enhancing the tensile strength and tensile modulus of UPVC composite. Thus, both elements demonstrated the improvement in interfacial adhesion and stiffness of the composites and were confirmed by FTIR analysis.
